














海区防污效能明显优于上述 3种天然产物。另外，将喜树碱与鱼藤酮进行 1 ∶1复配，并将这 2 种天然
产物与氧化亚铜、N－(2，4，6－三氯苯基)马来酰亚胺(TCPM)和吡啶硫铜锌(ZPT)这 3 种防污(助)剂
分别进行 1 ∶1复配，共获得 7种复配防污剂，制备相应的海洋防污涂料以检测其防污效能，发现喜树碱
－TCPM、喜树碱－ZPT以及喜树碱－鱼藤酮这 3种复配防污剂具良好的防污效能。进一步在上述涂料
中选取了防污效能最优的含喜树碱涂料，在福建东山海域和海南陵水海域分别进行了海区挂板试验，
结果表明含喜树碱涂料在这 2个海域均显示出稳定、优异的防污效能，且期效可达 13 个月以上。文
中研究为推进天然防污产物在海洋防污涂料中的应用进程提供了重要资料。
关键词:天然防污产物;海洋防污涂料;喜树碱;防污活性;海洋污损生物
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Abstract:Natural products (e．g．，oleanolic acid，osthole and rotenone)were used as an-
tifouling agents to prepare the marine antifouling paints respectively． Their antifouling
efficiency were tested in the sea area of Xiamen． Their antifouling activities were compared
with another natural product camptothecin，which was previously reported to have antifouling
performance in Xiamen． The results showed that osthole and rotenone exhibited antifouling
efficiency in the marine environment within two months，but oleanolic acid did not show anti-
fouling performance in the sea． Camptothecin exhibited stronger antifouling efficiency than the
three natural products mentioned above． Furthermore，seven mixed antifoulants were obtained
by mixing camptothecin with rotenone at a ratio of 1 ∶1，and mixing these two natural products
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with three antifouling agents including cuprous oxide，N－(2，4，6－trichlorophenyl)maleimide
(TCPM)and zinc pyrithione (ZPT)at a ratio of 1 ∶1 respectively． All mixed antifoulants were
used to prepare marine antifouling paints which were tested for antifouling efficiency in the ma-
rine environment． Three mixed antifoulants，namely camptothecin－TCPM，camptothecin－ZPT
and camptothecin － rotenone，were found to exhibit high antifouling potency． In addition，
among the antifouling paints prepared in this study，the paint containing camptothecin showed
the strongest antifouling efficiency and thus was chosen to be tested in the sea area of
Dongshan，Fujian and the sea area of Lingshui，Hainan． The results of this field test showed
that the paint containing camptothecin had stable and outstanding antifouling efficiency both in
Dongshan and Lingshui，and the efficiency lasted for more than 13 months． This study
provided important data for the development of natural product－based antifouling paints．
Key Words:natural antifouling products;marine antifouling paints;camptothecin;anti-





























































































种涂料刷涂区域为 25 cm×9 cm。每种试验涂料设置
6个平行组。于 2010年 6 月在福建省厦门湾大漓浦
屿海区 (24°56'N，118°16'E)进行挂板试验，挂板水
深约为 1 m。在挂板 2个月、6个月及 10个月后分别
对挂板进行观察和拍照，以 Adobe Photoshop 7. 0 计
算各板上大型污损生物的覆盖率(即所占的表面积








基料为对照。挂板方法同 1. 5。在挂板 2 个月、7 个
月及 13个月后分别对挂板进行观察和拍照，计算各







如图 1和图 2 所示，其中，MC—涂料基料组(阴性对
照组) ;Cu—含氧化亚铜(阳性对照组) ;X—含喜树
碱;Y—含鱼藤酮;Q—含齐墩果酸;S—含蛇床子素。
图 1中，挂板后 10个月 Q板掉落。
图 1 天然产物基海洋防污涂料海区挂板不同月份后的
照片
Fig．1 Test panels coated with natural product－based antifouling









Fig．2 Macrofouling percentage cover on the test panels coated with natural product－based antifouling paints after immersion in seawa-
ter for different months
从图 1和图 2可知，在厦门大漓浦屿海区挂板 2
个月后，大型污损生物主要有牡蛎、藤壶、苔藓类、贻
贝、海鞘及海藻。齐墩果酸试验组的大型污损生物覆
盖率高达 75. 96%，与基料对照组(72. 21%)无显著
差异，表明该试验组没有明显的海区防污效能。蛇床
子素和鱼藤酮的试验组虽然也有少量大型污损生物



















图 3和图 4，其中，MC—涂料基料组(阴性对照组) ;
Cu—含氧化亚铜(阳性对照组) ;T—含 TCPM(阳性








Fig．3 Test panels coated with paints containing mixted anti-
foulants after immersion in seawater for different
months
























然鱼藤酮－TCPM组和 TCPM阳性对照组在 6 个月后
也丧失了防污效能，但喜树碱－TCPM 组的大型污损
生物覆盖率仍显著低于基料对照组，保持了较高的防























Fig．5 Test panels coated with the paint containing camptothe-
cin after immersion in the sea of Dongshan，Fujian and


















Fig．6 Macrofouling percentage cover on the test panels coated with the paint containing camptothecin after immersion in the sea of
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